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ABSTRACT 

The adsorption behavior of Copper (II) ions from aqueous solution by granite was 

investigated as a function of various parameters such as dose, initial Copper(II) ions 

concentration, contact time and temperature. The Freundlich and Langmuir adsorption 

models were applied to describe the equilibrium isotherms. The thermodynamic parameters 

such as ΔH
0
, ΔS

0
 and ΔG

0
 were evaluated.

  
The pseudo-first-order, pseudo-second-order, 

Elovich kinetic models and the intra-particle diffusion model were used to describe the 

kinetic data and rate constants were evaluated.  
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Introduction 
Wastewater from various industries, such as; metal finishing, electroplating, plastics, 

pigments, and mining, contains several heavy metals of health and environmental concern, 

such as  copper, cadmium, chromium, zinc, nickel, and other metals [1,2]. There is a wide 

variety of activated adsorbents that have been used to exhibit some affinity for heavy 

metals[3-8]. India is the one of the countries in the world that consists of earth crust with 

mineral wealth this would decrease the cost of the overall wastewater treatment process. 

Therefore, the objective of the present study was to investigate the feasibility of the use of 

activated granite as a adsorbent for the removal of heavy metal in wastewater, Copper (II) ion 

were  chosen as the model metals in the present study. The effect of the initial concentration 

of the metals ions, contact time, adsorbent dose and temperature on the adsorption capacity of 

AGP was studied. In order to understand the adsorption process, equilibrium isotherms, 

thermodynamic treatment of adsorption process and adsorption kinetic were also discussed. 

 

2. Materials and Methods 

 

2.1 Adsorbate  

The Copper (II) ions   used in this study was   purchased from Sigma-Aldrich. The   

stock solution was prepared by dissolving   given amount of CuSO4.5H2O in distilled water. 

The solutions of different concentrations used in various experiments   were   obtained by 

dilution of the stock solutions.  

2.2 Preparation of the adsorbent 

 Granite stones were collected from near by areas. The collected stones were then 

washed with distilled water to remove all dust particles. The air dried stones were activated in 

a furnace maintained at 500
o
C for about 12 hours and the resultant product obtained was 
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ground well to fine powder (30 to 50 µm size), it was used for further adsorption experiment 

[7]. All chemical used for the experiments are S.d fine chemicals with high purity.  

2.3 Effect of contact time 

 The effect of contact time between adsorbent and adsorbate (Copper(II) ions) was 

determined by keeping particle size, initial concentration, adsorbent  dosage, pH  and  

temperature are constant. 

2.4 Batch adsorption method 

 The batch adsorption [8] experiments were carried out by adding a fixed amount of 

adsorbent (25 mg) into a number of 250 ml stopper glass flasks containing a definite 

volume(50 ml in each case) of different initial concentrations of Copper(II) ions solutions 

without changing pH
  

and at temperatures 30,40,50,and 60
o
C.The flasks were placed in a 

thermostatic  water bath shaker and agitation was provided 120 rpm for 180 min to ensure 

equilibrium was reached. At time t=0 and equilibrium, the Copper (II) ions concentration 

were measured by UV Visible spectrophotometer. Each experiment was duplicated under 

identical conditions. The amount of adsorption at equilibrium, qe(mg/g) was calculated by the 

following mass balance equation  

                                                      𝑞𝑒 =  
𝐶𝑜−𝐶𝑒

𝑤
  v…………. (1) 

             Where Co and Ce (mg/L) are the liquid phase concentrations of Copper (II) ions at 

initial and equilibrium respectively .V (L) is the volume of the solution. w (g) is the mass  of 

dry adsorbent used. The Copper (II) ions   removal percentage can be calculated as follows 

    Removal percentage = 
𝐶𝑜−𝐶𝑡

𝐶𝑜
 X100…………  (2) 

2.5 Batch kinetic studies 

The batch kinetic [8} experiments were basically identical to these of adsorption 

equilibrium method. The aqueous samples were taken at present time intervals and the 

concentrations of Copper (II) ions were similarly measured.  All the kinetic experiments are 

carried out at 30, 40, 50 and 60
o
C at various initial concentrations. 

 
The amount of adsorption 

at time t, qt (mg/g) was calculated by 

                                             𝑞𝑡 =  
𝐶𝑜−𝐶𝑡

𝑤
  v…….  (3) 

               Where Ct (mg/L) is the liquid phase concentration of Copper (II) ions at any time.                  

 

3.Theory of Adsorption isotherm  

 To quantify the sorption capacity of the absorbent for the removal of metal ions, The 

most commonly used isotherm, namely Freundlich and Langmuir have been adopted. 

3.1 Freundlich isotherm. 

The linear form of Freundlich isotherm [9] is represented by the equation  

                               log qe=log Kf + 
1

 𝑛
 log Ce………………..  (4) 

Where qe is the amount of Copper(II) ions  adsorbed per unit weight of  the 

sorbent(mg/L),Kf is(mg/g(L/mg)) measure of adsorption capacity and  
1

𝑛
  is the adsorption 
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Intensity. The value of Kf and n are calculated from the intercept and slope of the plot of log 

qe vs log Ce respectively. The constant Kf and n   values are given in table 1.  In   general Kf 

value increases the adsorption capacity for a given adsorbate increases. The magnitude of the 

exponent 
1

𝑛
  gives an indication of the favorability of adsorption. The value of n > 1 

represents favorable adsorption condition [8] (or) the value of  
1

𝑛
  are lying in the range of 1 

to 10 confirms the favorable condition for adsorption. This is further supported by Langmuir 

isotherm. 

 3.2 Langmuir isotherm 

The langmuir isotherm model [10] is based on the assumption that maximum 

adsorption corresponds to a saturated monolayer of solute molecules on the adsorbent 

surface. 

The linear form of the Langmuir isotherm equation can be described by  

  

                         
𝑐𝑒

𝑞𝑒
 = 

1

 𝑄𝑚  𝑏
 + 

𝑐𝑒

𝑄𝑚
              (5) 

 Where Ce (mg/L) is the equilibrium concentration of the adsorbate, qe (mg/g) is the amount 

of adsorbate per unit mass of adsorbent, Qm and b are Langmuir constants related to 

adsorption capacity and rate of adsorption respectively. Qm  is the amount of adsorbate at 

complete monolayer coverage (mg/g) which gives the maximum adsorption capacity of  the 

adsorbent and b (L/mg) is the Langmuir isotherm  constant that relates to the energy  of 

adsorption (or rate of adsorption) 

 The linear plot of specific adsorption capacity   
𝑐𝑒

𝑞𝑒
   against the equilibrium 

concentration (Ce)  shows that the adsorption obeys the Langmuir model. The Langmuir 

constant Qm and  b  were  determined from the slope and intercept of the plot and are 

presented in table (2) 

 In order to find out the feasibility of the isotherm, the essential characteristics of the 

Langmuir isotherm can be expressed in terms of dimensionless constant separation factor 

RL[11,12 ]  by the equation 

                                            RL =  
1

1+𝑏𝐶𝑜
……………..  (6)  

 where Co(mg/L) is the highest initial concentration of adsorbent and b(L/mg) is 

Langmuir isotherm constant. The parameter RL indicates the nature of shape of the isotherm 

accordingly. 

 

 
         RL  >  1   Unfavorable adsorption 

                                      0  <  RL  <  1      Favorable adsorption 

                                           RL = 0      Irreversible adsorption 

                                           RL = 1      Linear adsorption 
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 The RL values between 0 to 1 indicate favorable adsorption for all initial concentration 

(Co) and temperatures studied. The calculated RL value is given in table. 2. 

 

4 Thermodynamic treatment of the adsorption process. 

Thermodynamic parameters associated with the adsorption, viz standard free   energy 

change ( G
o
), standard enthalpy change ( H

o
), and standard entropy change ( S

o
) were 

calculated as follows. The free energy of adsorption process considering the adsorption 

equilibrium constant KO is given by the equation 

                G
o
= - RT ln KO ………………..(7) 

Where G
O
 is the free energy of adsorption (kJ/mol), T is the temperature in kelvin and R is 

the universal gas constant (8.314 J mol
-1

K
-1

).The adsorption distribution coefficient KO for 

the sorption reaction was determined from the slope of the plot of  ln(qe/Ce)against Ce at 

different  temperature  and  extrapolating  to  zero Ce  according to the method suggested  by 

Khan and Singh [13 ]  The  adsorption distribution coefficient may be expressed in terms of 

enthalpy change(ΔH
0
 ) and entropy change (ΔS

0
 ) as a function of temperature, 

                      ln𝐾0 = 
∆𝐻0

𝑅𝑇
 + 

∆𝑆0

𝑅
……………  (8)  

Where ΔH
0
 is the standard heat change of sorption (kJ/mol) and ΔS

0
 is standard entropy 

change(kJ/mol). The value of ΔH
0
 and ΔS

0
 can be obtained from the slope and intercept of 

plot of lnK0 against 1/T. 

The value of thermodynamic parameter calculated from equation 7 and 8 are shown in table 

(3). The thermodynamic treatment of the sorption data indicates that ΔG
0
 values were 

negative at all temperatures. 

 

5 Adsorption  kinetics 

 The study of adsorption dynamics describes the solute uptake rate and evidently this 

rate controls the residence time of adsorbate uptake at the solid-solution interface. The 

kinetics of Copper(II) ions  adsorption on the AGP were analyzed using pseudo first-order 

[14] pseudo  second-order [15] Elovich  [16,17] and intra -particle diffusion [18] ( Weber and 

Morris,1963) kinetic models. The conformity between experimental data and the model-

predicted values was expressed by the correlation coefficients (γ), (γ, and values close or 

equal to 1). A relatively high correlation coefficient (γ) value indicates that the model 

successfully describes the kinetics of  Copper(II) ions  adsorption. 

5. 1 The pseudo first- order equation 

 The pseudo first-order equation (Lagergren, 1898) is generally expressed as follows: 

                         
𝑑𝑞𝑡

𝑑𝑡
 = k1 (qe –qt)………… (9) 

Where: qe and  qt  are  the adsorption capacity at equilibrium and at time t, respectively  (mg g
-

1
). K1    is the rate constant of pseudo first-order adsorption (L min

-1
).After   integration and 

applying boundary conditions  t = 0  to t = t  and  qt = 0  to  qt = qt  the  integrated from of 

Eq.(9) becomes: 

  log(qe - qt) = log(qe)  - 
𝐾1

2.303
 𝑡 ………..(10) 
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The values of log(qe-qt) were linearly correlated with t. The plot of log(qe-qt)  Vs   t  

should give a linear relationship from  which k1 and qe can be determined from  slope and 

intercept of the plot respectively. The parameter of   pseudo-first-order model is summarized 

in table 4. 

5.2 The pseudo second- order equation 

The pseudo second-order adsorption kinetic rate equation is expressed as  

                     
𝑑𝑞𝑡

𝑑𝑡
 = k2 (qe –qt)

2
…………….(11) 

Where: K2 is the rate constant of pseudo second-order adsorption (g mg
-1

min
-1

). 

For the boundary conditions t = 0 to t = t and qt = 0  to  qt = qt the integrated form of 

Eq.  (11) Becomes: 

                
1

 (𝑞𝑒−𝑞𝑡)
 = 

1

𝑞𝑒
 + Kt…………… (12)    

  

Which is the integrated rate law for a pseudo second-order reaction? Equation (12) can be 

rearranged to obtain Eq.(13),which has a linear form: 

                         
𝑡

𝑞𝑡
  = 

1

𝐾2 𝑞𝑒
2 + 

1

𝑞𝑒
(t)  (13) 

If the initial adsorption rate (h)(mg g
-1

min
-1

)  is : 

                     h= k2 qe
2 

………………..           (14) 
   

    
 

then Eqs. (13) and (14) become: 

                        
𝑡

𝑞𝑡
  = 

1

ℎ
 + 

1

𝑞𝑒
(t)                        (15) 

The plot of (t/qt) and t of Eq.(15) should give a linear relationship from which qe and k2 can 

be determined from the slope and intercept of the plot, respectively. The pseudo-second-order 

rate constants K2, the calculated h values, and the correlation coefficients (γ) are summarized 

in table 4. 

5. 3 The Elovich equation 

The Elovich model equation is generally expressed as  

                                   
𝑑𝑞 𝑡

𝑑𝑡
 = α exp (-β qt)……………(16)    

  

Where; α  is the initial adsorption rate (mg g
-1 

min
-1

) and β is the desorption constant 

(g mg
-1

) during any one experiment . 

To simplify the Elovich equation. Chien and Clayton assumed αβt>>t and by applying 

boundary conditions qt = 0 at t = 0 and qt = qt at t = t Eq.(16) becomes: 

              qt  =   
1

β
 ln(α β) + 

1

β
 ln(t)…………… (17) 

If Copper (II) ion adsorption fits the Elovich model, a plot of qt vs. ln(t) should yield a 

linear relationship with a slope of (1/β) and an intercept of  (1/β)ln (α β). The Elovich model 

parameters α, β, and correlation coefficient (γ) are summarized in table 4. 
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5.4 The intra particle diffusion model 

The intra -particle diffusion model used here refers to the theory proposed by Weber and 

Morris [18] based on the following equation for the rate constant: 

                                 qt =kid t
1/2

 +C
  

(18)
  

Where kid is the intra -particle diffusion rate constant (mg g
-1

min
-1/2

) and C is the constant.
. 

  If the rate limiting step is intra -particle diffusion, the graphical representation of (qt) 

adsorbed Copper (II) ions (mg g
-1

) depending on the square root of the contact time (t
1/2

) 

should yield a straight line passing through the origin [30].The slope of the plot of qt Vs  t
1/2

  

will give the value of the intra -particle diffusion coefficient (kid) and correlation 

coefficient(γ) indicate the fitness of this model.  The intercept   value indicates that the curve 

is not passing through the origin, so the intra- particle diffusion is not only rate controlling 

step. The intra- particle   parameters are summarized in table 4.  

 

6. Results  and discussion 

 

6.1.Adsorption isotherms 

The significance of the adsorption isotherms is that they show how the adsorbate 

molecules are distributed between the adsorbate at equilibrium conditions and the effect of 

equilibrium concentration on the adsorption capacity at different temperature. Two different 

isotherm models were used   to fit the experimental data. These are Freundlich and Langmuir 

model constants values are given in the table 1. 

Table.1 Langmuir and Freundlich isotherm parameter for adsorption of Copper (II) 

ions on AGP adsorbent 

Temperature 
0
C Langmuir parameter Freundlich parameter 

Qm b Kf n 

30 178.3238 0.1685 5.2797 2.9805 

40 185.0853 0.1961 5.4969 3.0216 

50 190.6971 0.2457 5.7643 3.0883 

60 196.8221 0.2990 5.9904 3.1043 

 

From the table  it is clear that, the Langmuir isotherm constant  value  indicate the 

adsorption capacity(Qm) linearly increases   with  increase in temperature .But adsorption 

intensity  non- linearly increases with temperature. The Freundlich isotherm indicates that the 

adsorption capacity linearly increases with temperature and the n value indicates the 

adsorption is favorable process. 

The Langmuir isotherm can be expressed in terms of a dimensionless constant 

separation factor(RL).The  RL values at different temperature studied were calculated and are 

given in table 2 . The RL values between 0 and 1 indicate favorable adsorption for all the 

initial concentrations and temperature.  
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Table. 2. Dimensionless constant separation factor (RL) 

Initial  

 concentration(Ci) 

                   Temperature 

30
0
C 40

0
C 50

0
C 60

0
C 

25 

 

0.191 0.169 0.139 0.11 

50 0.106 0.092 0.075 

 

0.062 

 

75 0.073 

 

0.063 

 

0.051 

 

0.042 

 

100 0.056 

 

0.048 

 

0.039 

 

0.032 

 

125 0.045 

 

0.039 

 

0.031 

 

0.026 

 

 

6.2. Thermodynamic parameters 

The thermodynamic parameters of the adsorption process of Copper(II)ions with  

AGP are the changes in  standard  free  energy change( G
o
), standard enthalpy change ( H

o
), 

and standard entropy change ( S
o
) .  The values of these parameters were calculated using 

eq.( 7&8 ) at various initial concentrations and are shown in table 3.  

 

Table. 3.Thermodynamic parameter for the adsorption of Copper(II) ions on AGP 

adsorbent 

 

 

 

 

 

 

Thermodynamic treatment of the adsorption data indicates that ∆G
0
 values were negative 

at all temperatures. The negative   ∆G
0 

  confirm the spontaneous nature of adsorption of 

Copper (II) ions by AGP. The lesser value of   ∆G
0 

  suggests that adsorption is physical 

adsorption process. The negative value of ∆H
0
 further   confirms the exothermic nature of 

adsorption process. The positive   ∆S
0 

showed increased randomness at the solid –solution 

interface during the adsorption of metal ions onto AGP adsorbent.  In this condition the 

adsorbed water molecules, which are displaced by the adsorbate species, gain more 

translational entropy than is lost by adsorbate molecules, thus allowing the prevalence of 

randomness in the system [19]. The is also further   supported by the positive values of ∆S
0
, 

which suggest that the freedom of metal ions is not too restricted in the adsorbent, confirming 

a physical adsorption.  However, the value of  ∆S
0 

  were found to be decrease as the initial  

Co                                   ΔG
0 

ΔH
0 

ΔS
0 

30
0
C 40

0
C 50

0
C 60

0
C 

25 
-7737.44 -8665.31 -9704.79 -10626.1 

21.681 

 
97.058 

 

50 
-4660.47 -5303.97 -6297.11 -7266.89 

22.008 

 
87.706 

 

75 
-3404.08 -4034.61 -4751.81 -5525.97 

18.036 

 
70.647 

 

100 
-2161.75 -2606.74 -3125.03 -3708.02 

13.443 

 
51.397 

 

125 
-1628.61 -2030.16 -2474.78 -2928.44 

11.527 

 
43.374 
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concentration  increases due to the decrease the randomness  of metal ions. The ∆G
0
 value 

increases with increase in temperature, the increase in enhancement of the adsorption 

capacity of adsorbent may be due to increase or enlargement of pore size and/or activation of 

the adsorbent surface. 

6.3.Adsorption  Kinetics 

The   kinetics of Copper (II) ions adsorption on activated granite was studied with respect 

to different initial concentration. For evaluating the adsorption kinetics of Copper (II) ions, 

the pseudo-first-order, the pseudo-second –order, Elovich model and intra-particle diffusion 

model were used to fit the experimental data by using linear regression analysis method.  The 

parameter s of these model are summarized in table 4.The correlation coefficient (γ) values 

indicate the fitness of the model. 

 From the kinetic data, the pseudo-first- order and pseudo- second -order   correlation 

coefficient (γ) value were almost same. But the qe calculated from the model and the 

experimental value in pseudo first order is wide range of variations.  The qe calculated from 

the pseudo second order model and experimental value are very closer, so the adsorption of 

Cu
2+ 

on activated granite follow pseudo–second -order kinetic model.  

 The  experimental data  were used  for  Elovich model ,the initial adsorption rate(α) 

,desorption constant(β) and the correlation coefficient(γ)  are calculated. From Elovich model 

indicate that the initial adsorption (α) increases with temperature   similar to that of initial 

adsorption rate(h) in pseudo-second –order kinetics models. This may be due to increase the 

pore or active site on the AGP adsorbent.  

 The same experimental data were used for intra -particle diffusion model, the intra -

particle diffusion constant (Kid) ,intercept and the correlation coefficient(γ) are calculated. 

From these data the intercept value indicate that the line were not passing through origin, 

there are some other process affect the adsorption. But the correlation coefficient (γ) value is 

very high, so that the intra -particle diffusion takes place along with other process that may 

affect the adsorption. 

Conclusions 

 The adsorption of Copper(II) from aqueous solution using activated granite was 

investigated under different  experimental  conditions in batch process. The Freundlich and 

Langmuir adsorption capacity was found to be linearly increases. The thermodynamic 

parameters were found to be thermodynamically favorable physical adsorption process. The 

kinetic parameters with high correlation coefficient were pseudo-second-order and intra-

particle diffusion models. The results of the present studies indicate that the activated granite 

may be employed for the removal of Copper(II)ions from aqueous solution. 

 

 

 

 

 

 

 

 

 



INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY                                          

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                                 ISSN: 2249-9954 

 Page 77 
 

Table.4-The rate constant values obtained from pseudo-second –order, Elovich model and intra-particle 

diffusion models 
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